MULTILAYERED CIRCUIT BOARD 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 This invention relates to a multilayered circuit 

board, and in particular relates to the structure of an 
interlayer insulating material . 

2 . Description of the Related Art 

One technique of interlayer connection in a 
10 multilayered circuit board comprises passing a minute 
pointed protrusion, which is provided on a first 
conductive layer, through an interlayer insulating layer 
and connecting it to a second conductive layer. The 
interlayer insulating material used in this case may, 
15 for example, comprise prepreg, that is, epoxy resin 
impregnated in glass cloth. 

However, dust (particles or resin and/or glass) is 
created at the time of handling, and causes dust 
pollution. Further, the roughness of the glass cloth 
20 renders the interlayer insulating properties and 
interlayer conducting properties liable to become 
unstable, making it difficult to manufacture a highly 
precise multilayer circuit board. 

Another manufacturing method has been proposed, and 
25 uses a three-layer structure of thermoplastic resin, 
perforated heat-resistant resin (polyimide) film, and 
thermoplastic resin. 

However, this method increases the manufacturing 
cost, since the heat-resistant film must be perforated 
30 beforehand by using laser light and an NC drill. 

Yet another method uses a liquid crystal polymer 
simple substance as the interlayer insulating material. 

However, since the liquid crystal polymer must be 
sufficiently thick in order to ensure sufficient 
35 imbedding of the built-in pattern, the cost is 
increased; in addition, the loss of flexibility is an 



obstacle to application in multilayered flexible circuit 
boards . 

SUMMARY OF THE INVENTION 
5 This invention has been realized after 

consideration of the problems described above, and aims 
to provide a multilayered circuit board having good 
characteristics for imbedding a circuit pattern, and 
using an interlayer insulating material having superior 
10 interlayer adhesion and interlayer insulating properties. 

In order to achieve the above objects, this 
invention provides a multilayered circuit board in which 
interlayer connection is achieved by the contact of 
minute pointed protrusions, provided on a first 
15 conductive circuit layer, with a second conductive 
circuit layer; interlayer insulation is achieved by a 
film having a three-layer structure, comprising a 
thermoplastic film inserted between a pair of 
thermosetting adhesive layers. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figs. 1A to IE are diagrams showing manufacturing 
processes of an embodiment of this invention; 

Fig. 2 is a side view of a layer structure of a 
25 second embodiment of this invention; 

Fig. 3 is a side view of a layer structure of a 
third embodiment of this invention; and 

Fig. 4 is a side view of a layer structure of a 
fourth embodiment of this invention. 

30 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Figs. 1A to IE show manufacturing processes of an 
embodiment of this invention. 

As shown in Fig. 1A, a great number of minute 
35 pointed protrusions lb are provided on one face of a 
main body la of a copper foil 1, and the face of the 
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copper foil 1 where the pointed protrusions lb are 
provided is positioned opposite an interlayer insulating 
material 2 having a three-layer structure. 

The three-layer structure of the interlayer 
5 insulating material 2 is achieved by providing a pair of 
thermosetting adhesive layers 2b on both sides of a 
thermoplastic film 2a. The thermoplastic film 2a 
comprises a liquid crystal polymer film, and has a 
thickness of less than 25 urn, e.g. 10 urn. 
10 By making the thermoplastic film 2a extremely thin 

in this way, the minute pointed protrusions for 
interlayer connection can be passed through the 
interlayer insulating material by a process of simple 
vacuum pressing or the like, which does not require a 
15 high temperature. The number of manufacturing processes 
is consequently reduced, since there is no need to 
perforate holes beforehand using a laser or an NC drill . 

The thermosetting adhesive layers 2b comprise 
thermosetting resin having adhesive properties, and each 
20 has a thickness of 40 urn. The central section of the 
thermosetting adhesive layer 2b on the top side of Fig. 
1A is cut away, increasing its flexion in the left-to- 
right direction as viewed in Fig. 1A. 

The interlayer insulating material 2 comprises a 
25 film material which generates very little dust, 
preventing the infiltration of impurities. 

As shown in Fig. IB, the pointed protrusions lb of 
the copper foil 1 are pressed through the interlayer 
insulating material 2, and the copper foil 1 and the 
30 interlayer insulating material 2 are laid on top of each 
other. The thickness of the interlayer insulating 
material 2 is selected so that the pointed protrusions 
lb pass through it and protrude to the other side. 
Therefore, the pointed protrusions lb protrude from the 
35 bottom side of the interlayer insulating material 2 as 
viewed in Fig. IB. 
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Then, as shown in Fig. 1C, a one-sided flexible 
circuit board 3 is provided so as to directly contact 
the tips of the pointed protrusions lb protruding from 
the from the bottom side of the interlayer insulating 
material 2 . 

As shown in Fig. ID, the one-sided flexible circuit 
board 3 directly contacts the interlayer insulating 
material 2 from the bottom side of Fig. ID. The one- 
sided flexible circuit board 3 comprises a circuit 
pattern 3b, which is provided on the top side of an 
insulating board 3a, as viewed in Fig. ID; the pointed 
protrusions lb directly contact the circuit pattern 3b, 
and connect it to the copper foil la. 

Thereafter, as shown in Fig. IE, a circuit pattern 
15 is made by etching of the copper foil la. Consequently, 
the circuit pattern, made by etching the copper foil la, 
which is the uppermost layer in Fig. IE, is connected to 
the circuit pattern of the one-sided flexible circuit 
board 3 by the pointed protrusions lb, obtaining a two- 
20 layer circuit board. 

Fig. 2 shows a second embodiment of this invention, 
in which the one-sided flexible circuit board 3 of the 
first embodiment is replaced by a double-sided flexible 
circuit board 13, forming a three-layered flexible 

25 circuit board. 

That is, the copper foil 1 and the interlayer 
insulating material 2 are the same as those in the first 
embodiment, while the one-sided flexible circuit board 3 
is replaced by the double-sided flexible circuit board 
30 13. After laminating the copper foil 1, the interlayer 
insulating material 2, and the double-sided flexible 
circuit board 13, a pattern is etched into the copper 
foil 1 to obtain the circuit pattern. 

In this case, the two sides of the double-sided 
35 flexible circuit board 13 may be connected by through- 
hole plating, via-holes, or a minute conductive pump. 
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Fig. 3 shows a third embodiment of this invention, 
in which the interlayer insulating material 2 is 
provided on each side of the double-sided flexible 
circuit board 13, and copper foils 1 are provided on the 
5 exposed faces of the interlayer insulating materials 2, 
thereby obtaining a four-layered flexible circuit board. 

That is, the constitution upwards from the double- 
sided flexible circuit board 13 at the center of the 
direction parallel to the thickness in Fig. 3 is the 
10 same as that of the second embodiment, but another 
interlayer insulating material 2 is added to the bottom 
side to form a four-layer flexible circuit board having 
a structure which is symmetrical from top to bottom. 

In this case, the pointed protrusions lb pass 
15 through the interlayer insulating material 2 parallel to 
the thickness, and connect the circuit patterns provided 
on both sides of the interlayer insulating material 2 
parallel to its thickness, that is, they connect the 
first and second circuit patterns, and the third and 
20 fourth (parallel to the thickness) circuit patterns, 
together . 

In contrast to Fig. 3, Fig. 4 shows a fourth 
embodiment of this invention, in which the interlayer 
insulating material 2 is provided at the center of the 
25 direction parallel to the thickness, and double-sided 
flexible circuit boards 13 are provided above and below 
the interlayer insulating material 2, thereby obtaining 
a four-layer flexible circuit board. 

In this case, since the interlayer insulating 
30 material 2 is provided at the center of the thickness 
direction, the second and third circuit patterns of the 
four-layer structure are connected together. 
Modi f i ca t i on s 

The compound layers in the embodiments described 
35 above may be given optimized thicknesses, or partially 
omitted, as deemed appropriate after considering the 
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flexibility demanded by the circuit board. 

The film material comprising the interlayer 
insulating material in the embodiments described above 
may be used, for example, as a cover for protecting the 
5 cable section of the flexible circuit board. 

In the above embodiments, the multilayered circuit 
board is made by assembling the interlayer insulating 
material with one-sided and double-sided flexible 
circuit boards, but the multilayered circuit board may 

10 be made by assembling the interlayer insulating material 
with a rigid circuit board. 

As described above, a three-layer structure, 
comprising a thermoplastic film inserted between 
thermosetting adhesive layers, is used as the interlayer 

15 insulating material in the multilayered circuit board 
wherein electrical connection is achieved by minute 
pointed protrusions, thereby making it possible to 
provide a multilayered circuit board having sufficient 
adhesive force and imbedding properties for the circuit 

20 patterns, and sufficient interlayer insulating 
properties and partial flexibility. Little dust 

pollution occurs during the manufacturing processes of 
the multilayered circuit board, achieving superior 
manuf ac tur abi 1 i ty . 
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